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The  following  target  restrictions  are  recommended  as  a result  of  the  tests: 

1.  Delay  function  can  be  achieved  on  0.063-inch-thick  aluminum  targets 
up  to  a maximum  obliquity  angle  of  55  degrees  at  2500  ft/sec  striking  velocity. 
Obliquity  angles  higher  than  55  degrees  will  produce  superquick  function. 

2.  Fuze  function  will  occur  on  a 0.0i+0-inch-thick  aluminum  target  at  a I 
minimum  muzzle  velocity  of  1000  ft/sec.  At  a muzzle  velocity  less  than  1800  fd 
sec  the  fuze  is  not  sensitive  enough  to  function  on  this  target. 


3.  Delay  function  can  be 
to  a maximum  obliquity  angle  of 
Obliquity  angles  higher  than  20 


achieved  on  0.090-inch-thick  aluminum  targets  up 
20  degrees  at  2500  ft/sec  striking  velocity, 
degrees  will  produce  superquick  function. 
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SUMMARY 


The  objective  of  the  effort  was  to  modify  the  M505A3  point  detonating  fuze  to 
incorporate  a time  delay  prior  to  detonating  the  20mm  M56  High  Explosive 
Incendiary  (HEI)  projectiles. 

The  delay  method  selected  for  examination  and  test  under  this  contract  was  a 
combination  of  a heavier  firing  pin  and  an  increased  distance  from  firing  pin 
to  detonator.  Firing  pins  of  aluminum,  steel,  and  brass  and  fuze  bodies  of 
aluminum  and  steel  were  evaluated  during  the  program. 

A series  of  gun  launched  tests  were  conducted  to  evaluate  the  modifications. 
Target  material  was  2024-T3  aluminum  sheets  of  three  thicknesses:  0.040, 

0.063,  and  0.090  inch.  Impact  velocities  ranged  from  1000  to  3650  ft/sec  and 
obliquity  angles  ranged  from  zero  (vertical)  to  80  degrees. 

A total  of  77  separate  tests  were  conducted  with  standard  and  modified  M505A3 
fuze  body  designs.  Sufficient  hardware  was  fabricated  to  complete  tests  and 
provide  contractual  deliverables.  Primary  interest  was  directed  toward  a 
target  thickness  of  0.063  inch  with  an  obliquity  angle  of  75  degrees.  Such  a 
condition  was  believed  to  be  most  representative  of  anticipated  actual  target 
conditions. 

Following  receipt  of  hardware  to  the  latest  design,  tests  were  begun  in  early 
July  1974  on  0.063-inch  targets,  0.017-inch-thick  flange  on  brass  firing  pins, 
75-degree  obliquity,  and  2500  ft/sec  muzzle  velocities,  using  a 20mm  Mann 
barrel  located  151  feet  from  the  target. 

A series  of  tests  showed  that  target  results  appeared  to  be  relatively  inde- 
pendent of  firing  pin  flange  thicknesses  of  0.017  to  0.035  inch  or  location 
of  the  firing  pin,  i.e. , forward  against  the  nose  cap  or  rearward  against  the 
firing  pin  sleeve.  Finally,  Test  31  was  conducted  on  23  July  1974  when  two  rounds 
were  fired  without  firing  pins.  Both  functioned  on  target,  and  it  was  believed 
that  the  firing  pin  sleeve  was  causing  initiation  of  the  M57A1  detonator.  This 
proved  not  to  be  true  in  Test  35,  which  resulted  in  two  rounds  functioning 
without  sleeve  or  firing  pin.  The  detonator  was  then  triple  staked  into  posi- 
tion to  eliminate  the  possibility  of  detonator  set  forward  initiation  on  the 
firing  pin  entrance  hole  to  the  rotor  cavity.  The  triple  staked  detonator  also 
functioned  on  the  0.063 -inch  target  at  75- degree  obliquity.  The  standard 
M505A3  fuze  and  GAU-7/A  fuze  were  also  tested  against  the  same  target  condition 
to  see  if  the  observed  function  was  peculiar  only  to  the  modified  M505A3  fuze 
design.  Both,  however,  functioned  without  firing  pins.  Of  five  GAU-7/A  fuze 
designs  fired  without  firing  pin  or  sleeve,  one  resulted  in  a classic  delay 
on  target,  i.e.,  good  petalling  rearward  (toward  the  gun). 

Test  41  (75°  obliquity  on  a 0.063-inch  target)  was  then  conducted  with  an 
inert  standard  M505A3  fuze  without  firing  pin.  The  round  was  allowed  to  pass 
through  the  target  and  was  then  soft  recovered  in  Celotex®.  Examination  of 
the  recovered  round  showed  small  aluminum  pieces  of  the  target  imbedded 
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in  the  dummy  detonator.  In  fact,  the  impact  of  the  target  material  was 

sufficiently  hard  to  drive  the  dummy  detonator  rearward  leaving  an  indenta- 
tion on  the  booster  face. 

Five  inert  modified  M505A3  fuzes  fired  in  the  same  manner  showed  that  the 
firing  pin,  although  striking  the  detonator  first,  was  driven  by  a piece  of 
target  material.  Thus,  it  was  believed  that  the  reason  for  no  significant 
delay  having  been  realized  was  because  of  a phenomenon  of  target  mass  flow 
into  the  fuze  cavity.  Further,  it  was  believed  that  the  condition  occurred 
only  at  high  obliquity  angles  because  a proper  delay  had  already  been 
achieved  on  vertical,  or  less  severe  graze  angle  targets. 

Several  subsequent  tests  involved  various  attempts  to  slow  the  firing  pin  in 
spite  of  the  additional  target  mass  driving  it  rearward.  Th jse  attempts 
included  various  energy  absorbers  in  front  of  and  around  the  pin.  None  of 
these  showed  improvement  in  delay. 

A special  steel  firing  pin  (see  Section  3.2,  Figure  22)  was  made  with 
breakaway  undercut  on  the  shank  of  the  pin.  At  impact,  the  shank  breaks  and 
the  upper  portion  of  this  firing  pin  is  expected  to  cover  the  firing  pin 
sleeve  to  impede  the  flow  of  target  mass  into  the  firing  pin  sleeve.  In 
general,  the  design  resulted  in  good  target  petalling  rearward  ("banana  peel" 
showed  on  about  50  percent  of  the  shots).  The  improvement  reinforced  the 
theory  that  the  basic  cause  of  no  delay  at  high  obliquities  was  because  of 
target  mass  inflow,  and  efforts  were  begun  to  design  a cap  for  that  purpose 
alone . 

lime  remaining  in  the  contract,  however,  was  insufficient  to  redirect  the 
overall  fuze  design, and  it  was  decided  to  complete  the  program  with  target 
restrictions  to  be  determined  during  final  tests.  Five  of  the  protector  cap 
items  were  fabricated  and  tested  on  the  last  day  of  firing,  22  August  1974. 
With  the  protector  cap,  a standard  0.017- inch-thick  brass  pin  produced  ex- 
cellent delay  shots  on  0.063-inch  targets  set  for  75— degree  obliquity.  One 
round  on  0.090-inch-thick  target  at  75-degree  obliquity  produced  partial 
delay.  Finally,  the  last  round  fired  on  0.063-inch  vertical  target  produced 
an  8-inch  delay. 


In  conclusion,  it  is  believed  that  the  overall  objective  of  a mechanical  delay 
fuze  system  utilizing  a heavier  mass  firing  pin  with  added  stroke  has  been 
shown  to  be  feasible.  The  addition  of  a steel  protector  cap,  unfortunately 
found  too  late  in  the  program  to  be  incorporated  int*'  the  deliverable  rounds, 
could  be  simplified  to  maintain  present  low  cost  of  the  modified  M505A3  fuze 
design. 

For  the  fuze  design  that  was  prepared  for  shipment  to  the  Air  Force  to  achieve 
80  to  90  percent  good  target  delay  functioning,  certain  target  restrictions 
are  recommended  based  on  final  tests  conducted. 
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1.  Delay  function  can  be  achieved  on  0.063-inch-thick  aluminum 
targets  up  to  a maximum  obliquity  angle  of  55  degrees  at  2500  ft/sec 

striking  velocity.  Obliquity  angles  higher  than  55  degrees  will  produce 
superquick  function. 

2.  Fuze  function  will  occur  on  a O.oUo-inch-tfcick  aluminum  target 

oci^  of  1800  ft/sec.  At  a muzzle  velocity  less 
than  1800  ft/sec  the  fuze  is  not  sensitive  enough  to  function  on  this 


3.  Delay  function  can  be  achieved  on  0.0900-inch-thick  aluminum 
targets  up  to  a maximum  obliquity  angle  of  20  degrees  at  2500  ft/sec 

su^rqufckefuncU;n.0',llqUlty  “gleS  Mgher  ^ 20  deerees  VlU  Pr°du« 

It  should  be  noted  that,  in  determining  the  recommended  restrictions,  all 

mn^S+rre  COnducted  on  targets  rigidly  supported  on  three  sides  with  no 
more  than  one  foot  between  supports.  Tests  on  targets  using  a different 
ype  of  support  may  result  in  greater  or  less  distance  delay. 
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SECTION  I 


PROGRAM  REQUIREMENTS 


The  present  20mm  M505A3  point  detonating  fuze  is  used  with  the  M56  HE I pro- 
jectile for  air-to-air  combat.  It  is  desired  to  improve  the  effectiveness 
of  this  projectile  against  aircraft  targets  by  incorporating  a time  delay 
which  enables  the  projectile  to  penetrate  the  aircraft  skin  prior  to 
detonation. 

This  effort  required  the  design  of  modifications  to  the  M505A3  fuze  to  achieve 
a delay  function  without  modifying  the  rotor  ball  and  booster.  Firing  pin 
changes  were  appropriate,  specifically  changing  the  mass  of  the  firing  pin  and 
increasing  the  distance  the  pin  must  travel  prior  to  contacting  the  detonator. 
The  shape  of  the  resulting  projectile  must  be  compatible  with  the  feed  system 
of  the  M61  gun. 

The  effort  also  required  an  assessment  of  the  feasibility  of  using  zirconium 
as  a booster  holder  material  to  increase  the  fire-start  and  fire-sustaining 
capabilities  of  the  projectile. 

Specific  technical  requirements  were  cited  in  regard  to  fuze  length,  arming 
distance,  gyroscopic  stability,  and  functioning.  A maximum  length  of 
1.2  inches  between  ogive  point  and  interface  shoulder  was  specified.  An 
arming  distance  between  5 and  50  meters,  and  a gyroscopic  stability  factor 
of  at  least  1.2  under  a given  firing  condition  were  stated.  The  functioning 
requirements  were  changed  by  contract  amendment  stipulating  design  goal  to 
provide  fuze  function  between  3 and  8 inches  after  penetration  of  an  0.063- 
inch  aluminum  plate  at  a 75-degree  obliquity  angle,  and  at  2500  +100  ft/sec. 
The  amendment  further  stipulated  that  through  testing  the  lower  limit  of  im- 
pact velocity  necessary  for  function  against  an  0.040-inch  aluminum  plate  at 
75  degrees  (or  less),  obliquity  angle  would  be  derived.  All  planned  environ- 
mental tests  were  deleted  and  substitute  gun-launched  tests  were  added  to 
achieve  the  fuze  function  goals. 


SECTION  II 


ANALYSIS 


2.1  FUZE  DESIGN 

Figures  1 and  2 compare  the  standard  M505A3  fuze  and  the  new  modified  M505A3 
fuze  to  illustrate  interface  relationships.  The  new  fuze  is  about  0.3  inch 
longer  and  has  a 24.5-degree  conical  ogive.  When  the  new  fuze  is  inserted  in 
the  standard  M56  body,  the  common  0.671-inch  diameter  at  the  fuze  base  permits 
a relatively  smooth  contour  blend.  Although  the  length  of  the  resulting 
cartridge  would  be  too  long  for  automatic  gun  firing,  the  cartridge  can 
readily  be  tested  in  a Mann  barrel. 

The  firing  pin  travel  and  fuze  details  are  shown  in  Figure  2.  The  modified 
fuze  has  a metplat  to  shoulder  distance  of  1.2  inches  compared  to  0.894  inch 
for  the  standard  M505A3.  Using  a standard  ball  rotor  and  firing  pin,  the 
firing  pin  travel  increases  from  a normal  0.12  inch  for  the  standard  to 

0.426  inch  for  the  modified  M505A3  fuze.  The  firing  pin  was  modified  (by  use 
of  brass  material)  to  the  same  dimensions  as  the  standard  aluminum  pin  to  per- 
mit higher  weight  for  greater  delay.  The  hardened  steel  firing  pin  sleeve  and 
the  indicated  clearance  between  the  firing  pin  and  sleeve  have  been  found  to 
be  essential  under  the  GAU-7/A  program  to  achieve  reliable  functioning. 

Details  of  the  new  parts  of  the  modified  M505A3  fuze  are  in  Appendix  A.  The 
detonator  and  booster  assemblies  are  the  same  as  the  standard  M505A3  fuze. 
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2.2  FUZE  ANALYSIS 


The  analysis  in  this  section  examines  the  fuze  function  on  normal  and  oblique 
impacts,  and  the  stability  of  the  standard  M56  HEI  projectile  when  used  with 
the  modified  fuze. 


2.2.1  Fuze  Function 

The  sequence  of  events  occurring  at  impact  is  shown  in  Figure  3.  The  fuzing 
function  analysis  considers  the  mass  of  the  nose  cap,  firing  pin, and  target 
and  assumes  the  following: 

1.  The  velocity  reached  by  the  firing  pin  is  a result  of  a momentum  ex- 
change with  the  target,  the  energy  to  shear  the  firing  pin  is  assumed 
to  be  zero. 

2.  The  velocity  of  the  firing  pin  will  be  constant  after  impact  of  the 
target  is  completed. 


3.  A portion  of  the  mass  of  the  nose  cap  will  be  considered  as  firing  pin 
mass  in  the  momentum  exchange. 


Hie  masses  to  be  considered  during  impact  are  constants  — firing  pin,  nose 
cap,  and  target  mass  intercepted  during  impact.  When  the  masses  are  treated 
as  constants,  the  firing  pin  velocity  after  impact  will  be  determined  by  the 
ratio  of  the  mass  before  impact  to  the  mass  after  impact.  The  firing  pin 
velocity  will  be  a function  of  impact  velocity,  and  the  distance  the  shell 
travels  before  firing  will  be  independent  of  shell  velocity.  A high  velocity 
impact  will  give  a high  firing  pin  velocity,  but  the  projectile  will  penetrate 
further  during  the  time  that  the  firing  pin  is  traveling  to  the  detonator. 

This  theory  has  been  verified  by  analysis  shown  in  Appendix  B and  GAU-7/A  test 
data  shown  in  Figure  4. 


During  impact  with  a 0.040-inch  aluminum  target,  a quality  judgment  is  made  to 
determine  the  mass  intercepted  by  the  nose  cap.  The  following  sketch  shows 
the  target  mass  that  is  assumed  to  be  accelerated* 


TARGET  MASS 


For  the  new  fuze,  the  effective  nose  cap  weight  is  394  x 10"6  pound  and  the 
firing  pin  weight  is  426  x 10~6  pound.  The  firing  pin  travel  is  0.426  inch. 
The  distance  the  projectile  travels  prior  to  detonation  is: 


1 


Where: 

S - Penetration  distance 

AS*  Firing  pin  travel  distance  (0.426  inch) 

m j * Mass  before  impact 

m2*  Mass  after  impact 

mj*  394  x 10  lb  (cap)  + 168  x 10  ^ lb  (alum  pin)  * 562  x 10~^  lb 
m2*  mj  + 31  x 10  ^ lb  (target  mass)  = 593  x 10~^  lb 
The  derivation  of  this  equation  is  provided  in  Appendix  B. 
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Then: 

S = 0.426 


= 8. 1 in. 


s j 

As  seen  by  the  foregoing,  the  mass  intercepted  by  the  target  is  very  critical 
noseUcap°mass?  SmaUneSS  comPared  t0  the  mass  of  the  firing  pin  and  effective 

brass°andthsolveefnr0f  maSS’  We  Chan8e  the  material  from  aluminum  to 

orass  and  oolve  for  a new  distance  to  function: 

S = 0.426  __ 1 = 12.8  in. 

898 

~ "929 

This  calculation  shows  how  the  fuze  can  be  tuned.  In  the  foreeoine  examnlf. 

we  can  make  the  brass  firing  pin  longer  to  cut  distance  as  we  add  length 
By  adding  0.09  inch  to  the  length:  Lengtn. 

S = 0.336  . ! = 10.1  in. 

1170 

1 

1201 

Again,  the  fuze  is  tuned  by  making  a change  in  mass  and  firing  pin  travel.  In 

fit' 1 had  a greater  influence  than  mass  to  gi™  a 
net  reduction  in  function  distance.  B 

fl^np^r  J"  the  GAU~7/A,Pro8ram  has  8h°wn  that  a steel  sleeve  around  the 
firing  pin  is  necessary  to  promote  reliable  fuze  operation,  especially  at  high 

CAU  7/A  1 ±qUltr  ThlS  8leeve  18  8hown  «gure  2 and  is  Jdenticll  to  the 

GAU-7/A  configuration  except  for  the  sleeve  length. 

fable  1 compares  the  penetration  distance  of  the  modified  M505A3  fuze  in 

andU60  H ?tandard  M505A3  P-etration  is  calculated  at  normal 

and  60  degrees  obliquity  impacts.  The  effect  of  a light  and  heavy  firing  pin 
is  also  compared  in  Table  1.  B p±u 

TABLE  1.  PROJECTILE  PENETRATION  DISTANCE 


Metplat  Firing  pin 

to  travel  to 

shoulder  detonator 


M505A3 

Modified 

fuze 


0.894 

1.200 


0.120 

0.426 


Penetration 

in  inches 

Normal  impact 

60-degree  Obliquity 

Alum  pin  Brass  pin 

Alum  pin  Brass  pin 

2.3  3.6 

1.5  2.4 

8.1  12.8 

5.4  8.5 

The  data  indicates  that  for  normal  impact  the  modified  M505A3  fuze  with  the 
standard  aluminum  firing  pin  will  achieve  the  desired  8-inch  travel  after  im- 
pact, but  for  targets  at  60  degrees  obliquity  the  firing  pin  of  brass  is  re- 
quired to  achieve  the  8-inch  penetration. 

At  an  80-degree  obliquity  angle  the  mass  of  the  target  is  difficult  to  predict1 
however,  penetration  is  not  required  in  this  case.  Experience  has  shown  that  ’ 
this  type  analysis  indicates  trends  only  and  that  actual  firing  is  necessary 
to  identify  penetration  distance.  For  instance,  Avco  has  performed  this 

and  verified  the  Penetration  distance  by  actual  test  firings  on  the 
GAU-7/A  program.  The  test  data  is  shown  in  Figures  4 and  5. 

Figure  4 illustrates  the  effect  of  target  thickness  and  impact  velocity  on 
fuze  function  delay  at  0-degree  obliquity  and  indicates  that  a significant 
reduction  in  delay  occurs  as  the  target  thickness  or  mass  increases.  As  the 
obliquity  angle  increases,  greater  target  mass  is  exposed  to  the  fuze  and  the 
delay  is  further  reduced.  Figure  5 illustrates  this  effect  of  obliquity  angle 
and  target  thickness  on  fuze  function  delay. 

The  actual  test  results  of  the  25mm  tests  were  compared  with  theoretical  pre- 
dicted penetration  and  the  ratio  of  actual/theoretical  penetration  was  com- 
puted for  target  thickness.  This  is  summarized  in  Table  2.  The  ratio  was 
applied  to  the  20mm  penetration  predictions  in  Table  1, and  corrected  predictions 
were  .Listed  in  Table  3.  These  predictions  indicate  about  1.3  inches  improved 
penetration  with  the  brass  firing  pin  over  the  aluminum  firing  pin. 

2*2.2  Fuzg/Projectile  Stability 

This  section  examines  the  stability  of  the  modified  fuze  when  used  with  the 
standard  M56  HE I projectile.  Gyroscopic  and  dynamic  stability  factors  were 
computed  at  the  muzzle  for  the  proposed1  modified  fuze  design  for  an  aircraft 
velocity  of  500  KTAS,  a muzzle  velocity  of  3800  feet  per  second,  a muzzle  exit 
twist  of  25  calibers  per  revolution,  under  -40°  F sea  level  atmospheric  con- 
ditions.  The  computed  stability  factors  for  this  configuration  are  presented 

in  Table  4.  Values  of  the  characteristics  used  in  the  computations  are  listed 
in  lable  5. 

When  the  new  fuze,  which  is  about  0.3  inch  longer  than  the  standard  M505A3 
fuze,  is  inserted  in  the  standard  M56  body,  the  common  0.671-inch  diameter  at 
the  fuze  base  permits  a relatively  smooth  contour  blend.  The  aerodynamic  co- 
efficients for  this  modified  configuration  were  estimated  using  Reference  1.* 


•Watt  R.  M and  G.  L.  Wmchenbach,  Free  Flight  Range  Tests  of  Blanked  4, 4-1/2  and  5 Caliber  Bodies  of 
Revolution  with  Secant  Ogive,  Tangent  Ogive  and  Conical  Nose  Shapes,  AEDC-TR-7M66. 


FUZE  FUNCTION  DELAY  VERSUS  TARGET  ANGLE 
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TABLE  2.  GAU-7/A  ACTUAL  VERSUS  THEORETICAL  PENETRATION  DISTANCE 


Impact 
velocity 
(f  t/ sec) 

Target 

thickness 

(inch) 

Angle  of 
obliquity 
(degrees) 

Theoretical 

penetration 

(inch) 

Actual 

penetration 

(inch) 

Ratio 

Actual /theoretical 
penetration 
(percent) 

3900 

0.040 

0 

12.3 

8.2 

67 

3900 

0.08 

0 

6.5 

4.0 

60 

3900 

0.120 

0 

4.5 

2.8 

62 

3900 

0.040 

30 

10.7 

5.0 

47 

3900 

0.040 

60 

6.5 

2.8 

43 

TABLE  3.  CORRECTED  20mm  FUZE  PENETRATION  DISTANCE 


Firing  pin 
material 

Aluminum 

target 

Theoretical 

penetration 

Corrected 

predicted  penetration 

Aluminum 

0.040/0° 

8.1 

5.4 

Brass 

0.040/0° 

12.8 

8.6 

Aluminum 

0.040/65° 

5.4 

2.3 

Brass 

0.040/65° 

8.5 

3.6 

TABLE  4.  ESTIMATED  STABILITY  FACTORS  OF  MODIFIED  FUZE  DESIGN 


Gyroscopic 
stability 
factor,  Sg 

Dynamic 
stability 
factor,  Sd 

Gyroscopic  stability 
factor  required 
Sg  required 

1.50 

0.57 

1.23 

. 


TABLE  5.  VALUES  OF  CHARACTERISTICS  USED  IN 
STABILITY  COMPUTATIONS 


Characteristic 

Cu  , Vradian 

a 

2.77 

Cm  , * /radian 

2.82 

CD 

0.23 

CMP^  radian2 

0.3 

(Cmq  + Cm'a),  * /radian 

-15. 

Cj  , Vradian 
P 

-0.01 

A,  lb-in2 

0.0174283 

B,  lb-in2 

0.1156870 

P,  lb/ft3 

0.0994 

d,  in. 

0.784 

V,  ft/sec 

4650 

N,  radian/sec 

14,620 

ka,  caliber 

0.363 

kti  caliber 

0.936 

m,  lb 

0.215 

fa^8y  PlCJStability«faCt°r  W8S  comPuted  as  1.50.  The  dynamic  stability 
tor  was  estimated  as  0.57.  These  estimates  indicate  that  the  proposed 
fuze  design  coupled  with  the  standard  M56  body  will  have  adequate  stability 
The  equations  used  to  determine  the  stability  factors  are  asfollows: 


v- 


24  A2  N2 

; sd  > 1 

ffBpd3V2Cm  8 


1 


-2 


2(CNfl  ~CD)  + <yka  Cmp^' 


1 


-2 


-2 


CN0-CD-7kb  C, 


(1) 


0 < sd  < 2 


(2) 


( NL  ~ C D " T kb  (Cm„  + Cm.  ) * ka  C1  > 0 


q a 


where 


Sd(2-Sd) 


Sg  <=  Gyroscopic  stability  factor 

sd  “ Dynamic  stability  factor 

SgReq’d  = Gyroscopic  stability  factor  required  for  dynamic  stability 


C + r = 

mq  ma 


Pitching  moment  derivative 
Normal  force  derivative 
Drag  coefficient 

Magnus  moment  derivative  based  on  (d/2V) 
Pitch  damping  derivative  based  on  (d/2V) 
Roll  damping  derivative 
Polar  moment  of  inertia 


- Transverse  moment  of  inertia 

■ Air  density 

■ Reference  diameter 


Velocity 
Spin  rate 


ka  - Polar  radius  of  gyration,  / A/md 2 
kb  - Transverse  radius  of  gyration,  \/ G/md 2 


1 /radian 
1 /radian 


l/radian'1 
1 /radian 
1 /radian 


lb-in'' 


lb-in" 

lb/ff 


ft./ sec 
radian/ sec 


caliber 


caliber 


m - Projectile  weight 


<: 


During  the  analysis  of  the  modified  M505A3 
measured  or  determined  by  detailed  study, 
for  the  modified  M505A3  fuze  design: 


fuze  some  of  the  parameters  were 
The  following  weights  were  measured 


a.  Total  in-flight  weight  of  fuze  and  projectile: 


Aluminum  fuze  body  with  brass  firing  pin,  sample  of  five: 


1. 

93.72 

grams 

2. 

94.33 

grams 

3. 

93.84 

grams 

4. 

93.96 

grams 

5. 

94.25 

grams 

Steel  fuze  body  with  brass  firing  pin,  sample  of  five: 

1.  105.38  grams 

2.  105.67  grams 

3.  106.07  grams 

4.  105.30  grams 

5.  105.84  grams 

b.  The  following  average  individual  component  weights  in  grams  are  given 
from  a sample  of  ten  each: 


Steel  fuze  body  19.67 
Aluminum  fuze  body  8.28 
Steel  sleeve  0.98 
Nose  cap  0.73 
Brass  firing  pin  0.25 
Aluminum  firing  pin  0.08 


The  comparative  drag  and  normal  force  coefficients  in  Table  6 were  determined 
by  analysis  for  the  standard  and  two  modified  fuze  shapes. 


TABLE  6.  AERODYNAMIC  COEFFICIENT  COMPARISON 


CL 

c 

D 

N 

Standard  M505A3 

0.316 

0.048 

Modified  M505A3  with  conical  shape 

0.232 

0.047 

Modified  M505A3  with  ogive  configuration 

0.223 

0.046 

The  analysis  was  conducted  by  the  three-dimensional  method  of  characteristics 
with  a digital  computer  program.  The  comparison  study  was  made  to  evaluate 
the  aerodynamic  performance  that  would  result  by  increasing  the  fuze  length 
rom  0.9  inch  to  1.2  inches  and  decreasing  the  nose  radius  to  0.098  inch. 

The  standard  M505A3  fuze  was  modeled  as  a sphere-cone  followed  by  an  ogive 
and  thin  conical  sections.  The  two  modified  M505A3  fuze  configurations  were 
straight  cone  and  secant  ogive.  The  straight  cone  configuration  had  a 
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13-degree  half-cone  angle  from  thp  0 MR  u 

1.2  Inches  from  the  nose  tip.  An  ll-d!greo  hnlf^  radIu8,back  t0  <*  Point 
the  projectile  body.  The  secsnt  ogive  was  staUor  e!  blcn<l'id  ‘"1° 

cones  were  blended  with  a 20-i.  ich  radius!8  Slmllar  eXCePt  thG  13'and  degree 

sigJTcant  improvement 'over  ^e'standlrd'MSOSA^"  ‘°nfi*urati°ns  offer 
design  was  selected  for  the  modified  fule  because!? 'i8Uration*  The  conical 
ogive  and  it  was  easier  to  fabricate  Test  h?ra  W3S  Very  much  llke  the 
angle  of  12.25  degrees  rather  than  the  13- and ^ n-"de"r”8a"gLes:lth  “ '“lf'COne 

d":igT^ii^e"^r^:;rLaihrra„\rr^e%i the  »«*» 

ae  A in  the  table.  The  yaw  and  pUch  LZT  f . ‘"T1*’  '**  • 18  the  same 
equal  and  are  listed  as  B In^ableS.  ra°ment  °f  in0rtla’  Iyy  and  '«  * ■«* 


SECTION  III 


TESTS 


3.1  STATIC  TESTS 

3.1.1  Load  Test  on  Threaded  Joint 

A total  of  12  fuze  bodies,  six  steel  and  six  aluminum,  were  subjected  to 
breakoff  tests.  These  tests  were  conducted  to  determine  the  sensitivity  of 
the  threaded  joint  between  the  fuze  and  the  projectile  on  the  delay  action  of 
the  fuze  during  oblique  impacts.  A measurement  of  the  side  force  required  to 
separate  the  fuze  from  the  projectile  body  was  used  to  determine  this  sensi- 
tivity. The  first  test  consisted  of  three  each  steel  and  aluminum  without 
epoxy  on  the  threads.  Results  are  given  in  Table  7. 


TABLE  7.  PEAK  BREAKOFF  FORCE  STEEL  ALUMINUM 


Test 

Description 

Peak  force  (pounds) 

Item  1 

Item  2 

Item  3 

1 

Epoxied  threads 

_ .• 

Steel 

Aluminum 

3700 

3700 

4450 

3850 

4100 

4100 

2 

Bare  threads 

Steel 

Aluminum 

3125 

3000 

2675 

2500 

— - 

4000 

1600 

As  a result  of  these  static  tests,  it  was  concluded  that: 


a.  Aluminum  generally  required  a lower  breakoff  force  than  steel  al- 
though this  difference  is  negligible  when  the  threads  are  epoxied. 

b.  Although  the  epoxied  threads  required  a higher  peak  breakoff  force 
than  the  bare  threads,  it  was  decided  to  conduct  all  tests  with 
bare  threads  because  present  and  planned  20mm  projectile  assemblies 
use  bare  threads. 

3*1.2  Load  Tests  on  Firing  Pins  and  Nose  Cap 

A series  of  static  tests  were  conducted  prior  to  the  gun  firing  tests  to  com 
pile  basic  data  on  the  actuator  mechanism  of  the  modified  M505A3  fuze.  The 
basic  data  included  the  compressive  strength  of  the  nose  cap  and  the  shear 
strength  of  the  shoulder  on  the  firing  pin.  This  information  was  needed  to 
determine  the  contribution  of  these  components  to  the  fuze  delay  and  to  ob- 
serve the  differences  between  the  modified  and  standard  components.  The 
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mechanisms  included  new  brass  firing  pins,  M505A3  aluminum  firing  pins, 
modified  nose  caps, and  M505A3  nose  caps.  The  brass  and  the  M505A3  aluminum 
firing  pins  were  identical  except  for  weight. 

' 

The  results  of  these  tests  are  shown  in  Figures  6 through  15. 

In  general,  the  static  tests  showed  the  following: 

- a.  The  force  necessary  to  shear  either  the  brass  or  M505A3  aluminum 

firing  pins  is  basically  the  same.  (See  Figures  14  and  15.)  In  all 
cases,  the  firing  pin  shoulder  sheared  off  clean  allowing  the  firing 
pin  to  drop  through  the  steel  support  sleeve. 

b.  A higher  force  is  required  to  shear  the  firing  pin  installed  in  the 
modified  M505A3  fuze  than  in  the  standard  fuze.  (See  Figures  6 and  7.) 
The  force  rate  curve  was  found  to  be  slightly  lower,  which  means  that 
the  brass  pin  requires  more  time  to  shear. 

c.  Annealing  the  modified  M505A3  fuze  nose  caps  reduces  the  force  rate 
to  a level  below  that  of  the  standard  fuze.  (See  Figures  6 and  9.) 

This  point  may  prove  useful  at  some  later  date  if  it  is  determined 
that  sensitivity  to  thin  targets  is  as  important  as  achieving  an 
actual  delay  detonation. 

3.1.3  Zirconium  Booster  Detonator  Safety  Tests 

During  the  month  of  August  1974  four  fuzes  were  modified  to  allow  initiation 
of  the  M57A1  detonator  in  the  out-of-line  position.  The  purpose  of  the  tests 
was  to  determine  if  the  modified  M505A3  fuze  with  zirconium  booster  cup 
presented  any  safety  problems.  The  standard  M505A3  fuze  was  also  tested  at 
the  same  time  as  a basis  of  comparison  with  the  test  hardware.  Two  standard 
M505A3  fuzes  and  two  modified  M505A3  fuzes  with  a zirconium  booster  were 
preassembled  without  rotor  and  booster  to  drill  a firing  pin  access  hole  in  the 
side  of  the  fuze  body.  All  fuzes  were  then  assembled  with  live  components. 

Each  was  then  held  in  a firing  fixture  to  initiate  the  detonator  in  the  out- 
of-line  position. 

I F 

Results  of  this  test  are  shown  in  Figure  16.  Out-of-line  initiation  of  the 
standard  M505A3  fuze  results  in  separation  of  the  fuze  body.  Although  badly 
distorted)  the  booster  failed  to  initiate.  The  modified  M505A3  fuze  with 

zirconium  cup  did  not  separate  and  showed  little  distortion  of  the  zirconium 
booster. 

Based  on  this  limited  test,  the  detonator  safety  of  the  modified  M505A3  fuze 
with  zirconium  booster  is  comparable  to  the  standard  M505A3  fuze. 

3.2  GUN  TESTS 

3.2.1  Description  of  Test  Setup 

The  setup  selected  for  all  firing  tests  is  shown  in  general  form  in  Figure  17. 
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FORCE 


Test  item:  Mod  M505A3  Fuze  with  brass  firing  pin 

Test  objective:  To  determine  force  required  to 

collapse  nose  cap  and  shear 
brass  firing  pin. 

Results:  No.  11  Required  670  pounds 

No.  12  Required  610  pounds 
No.  13  Required  600  pounds 
No.  14  Required  620  pounds 
No.  IS  Required  650  pounds 


Average  force  required  630  pounds 
Rate  of  rise  a 10,678  Ib/in 


-FIRING  PIN  SHEAR 


DISTANCE  SCALE,  inch 


Fipara  7.  FORCE  REQUIRED  TO  COLLAPSE  NOSE  CAP  AND  SHEAR  FIRING  PIN  ■ 
MODIFIED  MS06A3  WITH  BRASS  PIN 


FORCE 


♦ 


Test  item:  Mod.  nose  cap  (annealed)  with  aluminum  firing  pin 

Test  objective:  To  determine  force  required  to  collapse 

nose  cap  (annealed)  and  shear  firing  pin. 


Results: 


No.  1 Required  460  pounds 
No.  2 Required  420  pounds 
No.  3 Required  425  pounds 
No.  4 Required  425  pounds 
No.  5 Required  465  pounds 


Average  force  required  447  pounds 
Rate  of  rise  a 7,450  Ib/in 


0.02 


0.04 


0.06 


0.08 


0.10 


0.12 


DISTANCE  SCALE,  inch 


Figure  9.  FORCE  REOUIREO  TO  COLLAPSE  NOSE  CAP  AND  SHEAR  FIRING  PIN  ~ 
MODIFIED  MB06A3  WITH  ANNEALED  NOSE  CAP 


FORCE 


Test  item:  Mod.  nose  cap  (only) 


Test  objective:  To  determine  force  required  to 

collapse  nose  cap.  (0.062  would 
be  the  contact  point  with  firing 
pin). 


Results: 


No.  1 Required  460  pounds 
No.  2 Required  455  pounds 
No.  3 Required  475  pounds 
No.  4 Required  475  pounds 
No.  5 Required  465  pounds 


Average  force  required  466  pounds 
Rate  of  rise  a 8,473  Ib/in 


. Point  of  contact 
with  firing  pin 


5001b 


2501b 


0 


0.062 


0 0.02  0.04  0.06  0.08 

DISTANCE  SCALE,  inch 


Fifuia  13.  FORCE  REQUIRED  TO  COLLAPSE  MODIFIED  NOSE  CAP 
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• -mm* 


Test  item:  Brass  firing  pin  (w/o  nose  cap) 


Test  objective:  To  determine  shear  force 
of  shoulder 

Results:  No.  1 at  160  pounds 
No.  2 at  150  pounds 
No.  3 at  135  pounds 
No.  4 at  150  pounds 
No.  5 at  150  pounds 

Average  force  146  pounds 


0.02  0.04 

DISTANCE  SCALE,  inch 


0.06 


Fifura  14.  FORCE  TO  SHEAR  SHOULDER  OF  BRASS  FIRING  PIN 
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Figure  16.  DETONATOR  SAFETY  TEST  - ZIRCONIUM  BOOSTER 


CAMERA 


Figura  17.  TYPICAL  TEST  SETUP 

All  targets  were  2024-T3  aluminum  cut  to  a 1-foot- square  size  and  rigidly 
clamped  to  a target  holder  located  151  feet  from  the  muzzle. 

Muzzle  velocities  were  measured  by  means  of  a muzzle  coil  and  one  or  more 
lumiline  screens.  All  rounds  were  magnetized  just  before  firing.  Time 
intervals  were  measured  with  a Hewlett-Packard  digital  counter  between  the 
muzzle  coil  and  lumiline  screens. 

The  microflash  unit  was  used  during  early  tests  to  photograph  the  projectile 
in  flight  to  prove  that  the  projectile  had  not  functioned  in  the  gun  barrel. 
(See  paragraph  3.2.4  for  further  discussion.) 

The  first  five  tests  were  conducted  at  a range  of  97.5  feet  with  the  ball 
rotor  epoxied  in  the  armed  position  to  ensure  proper  arming  of  the  fuze. 

When  it  was  ascertained  that  the  fuze  and  projectile  body  were  holding  a true 
trajectory  over  all  test  velocities,  the  range  was  increased  to  151  feet.  At 
this  range  the  rotor  was  armed  during  flight  and  did  not  require  any  epoxy  or 
staking  in  the  armed  position. 

Each  round  was  directed  toward  a 2-inch-thick  plate  backstop  set  at  an  angle 
to  direct  fragments  toward  the  ground  as  a safety  measure. 

Function  on  the  target  was  recorded  by  means  of  a 4 x 5 color  Polaroid® picture 
that  included  a calibration  scale  to  determine  distance  behind  the  target 
at  which  the  initiation  event  occurred. 
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The  projectiles,  in  the  initial  series  of  tests,  were  loaded  with  inert  war— 
head  charges  and  live  RDX  booster  charges.  Functioning  distances  reported  in 
the  first  18  test  results  were  actually  a calibrated  distance  between  target 
impact  and  a point  where  flash  produced  by  booster  initiation  was  observed  in 
photographs.  After  Test  18  it  was  decided  to  eliminate  any  possible  delay 
errors  by  using  live  rounds  rather  than  inert  rounds.  The  center  of  the 
projectile  flash  or  photographs  was  used  to  measure  fuze  delay. 

3.2.2  Test  Criteria 

Ihroughout  the  tests  three  methods  were  used  to  make  measurements  on  fuze 
delay  achieved  from  round  to  round.  High  speed  camera  film  resulted  in  what 
is  believed  to  be  a fair  measurement  of  fuze  delay  distance.  Figure  18  shows 
a typical  film  sequence  for  two  different  targets.  Distances  determined  by 
film  were  listed  whenever  appropriate  in  the  summary  of  Table  8.  Fragmenta- 
tion boards  were  used  occasionally  with  good  delay  measurement  on  vertical 
targets. 

By  far,  the  most  meaningful  method  of  determining  whether  a delay  was 
achieved  was  in  examination  of  the  target  itself.  A fuze  with  delay  caused 
a blast  on  the  back  surface  of  the  target  which  resulted  in  the  target  being 
blown  out  to  the  front  of  the  target. 

The  entrance  and  blast  holes  produced  in  the  target  were  graded  in  accordance 
with  the  degree  and  type  of  damage.  Good  delay  produced  a large  blast  hole 
on  low  graze  targets  with  most  of  the  torn  edges  pointing  back  toward  the 
gun.  Such  a result  was  listed  as  "good  petalling"  or,  if  very  prominent, 
banana  peel.  Superquick  fuze  — meaning  no  delay  — was  correlated  with  a 
target  hole  having  all  edges  pointing  away  from  the  gun.  A typical  example 
of  these  extremes  is  shown  in  Figure  19. 

Polaroid®  film  was  also  found  to  be  useful  in  determining  whether  a 
proper  delay  was  achieved.  ' 

"Banana  peel"  target  results  invariably  showed  a prominent  fireball  below  the 
target  in  the  case  of  low  graze  tests.  Detection  of  a marginal  delay,  how- 
ever, is  not  believed  to  be  practical  with  Polaroid® camera  setup. 

3.2.3  Tests  Conducted  — — Summary  Chart 

A total  of  273  rounds  were  assembled  and  tested  in  a series  of  77  different 
tests.  These  tests  are  listed  by  number  with  pertinent  data  in  Table  8. 

Most  rounds  fired  were  photographed  by  a Hycam  16mm  camera  with  a framing 
rate  between  12,500  and  15,000  frames  per  second.  In  addition,  a Polaroid® 
camera  was  used  to  photograph  the  fireball  on  target.  Setup  for  all  tests 
was  identical  to  that  described  in  paragraph  3.2.1  except  in  the  case  of  soft 
recovery  tests,  which  required  moving  the  target  a few  feet  closer  to  the  gun 
to  allow  for  a depth  of  Celotex®.  Standard  lumiline  screens  recorded  muzzle 
velocities. 
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Date 

1974 

Test 

18  May 

1 

21  May 

2 

21  May 

3 

28  Mav 

4 

.’8  Mav 

s 

28  May 

6 

31  May 

7 

31  May 

8 

4 Jun 

9 

4 Jun 

10 

4 Jun 

It 

4 Jun 

12 

6 Jun 

13 

6 Jun 

14 

6 Jun 

15 

6 Jun 

16 

7 Jun 

17 

7 Jun 

18 

10  Jul 

19 

10  Jul 

20 

10  Jul 

21 

10  Jul 

22 

10  Jul 

23 

18  Jul 

24 

IS  Jul 

25 

22  Jul 

26 

22  Jul 

27 

22  Jul 

28 

22  Jul 

29 

22  Jul 

30 

21  Jul 

31 

23  Jul 

12 

21  Jul 

33 

23  Jul 

14 

23  Jul 

35 

23  Jul 

36 

24  Jul 

37 

24  Jul 

3« 

24  Jul 

39  4 

TEST  RECORD  SU  MM  A R Y 


Fuze  condition 
Rr.itN/.iliuainum 


Brass/steel 

Brass/steel 

Br.iHs/nt  cc  1 

lr«M/ltr»l 
Br.tss/a.'uBlnuB 
Hr.isn/,i  lun;  imio 
Hr.iHa/.ilualniitr 


10  Standard  H SOSA  3 Fuze 

2 Brass/ steel 

3 Hraaa/ateel 

5 Brass/steel 

3 Hrass/aluainua 

5 Aluainua/aluBlnua 


Brass/aluainua 


Standard  MSOSAJ  Fuze 
Alualnua/alualnua 
Standard  M505A3  Fuze 
Alualnua/alualnua 
Alualnua/alualnua 

Alualnua/altssinua 

0.017  braes  pin  shoulder. 
0.017  brass  pin  shoulder. 

0.017  brass  pin  shoulder. 
0.021  brass  pin  shoulder. 

0.017  brass  pin  shoulder. 

0.017  brass  pin,  epoxied 
rearward . 

0.017  brass,  sleeve  cutoff, 
eooxv  rearward 

0.017  brass,  0.040  longer 
sleeve. 

0.025  brass.  0.040  lunger 

sleeve. 

0.035  brass.  0.040  longer 
sleeve. 

0.035  brass,  standard 
length  sTeeve. 

Brass  nub  cutoff . 

N*>  firing  pin. 

Mo  sleeve,  no  firing  pin. 

No  firing  pin,  sleeve 
squared  off  on  seat. 

Mo  firing  pin,  sleeve  cut- 
off flush  with  body. 

No  sleeve,  no  firing  pin. 

No  sleeve,  no  firing  pin. 
Triple  stake  detonator. 
Standard  M505A3  no  firing 
pins. 

GAL'- 7/ A without  firing  pins. 


and  sleeve  - dm 


Gelotex^'  Vertical 
10  Ft.  Soft  Reiov. 
0.040  80°  oblique 

0.040  80°  oblique 

0.040  80**  oblique 

0.040  80°  oblique 

0.040  80°  oblique 

0.040  Vertical 
Celotex^  Vert.  Soft 
Recovery 


1029-1076 

967-1087 


Celo'exG 

3507-3557 

0.090 

80°  oblique 

2560-2570 

0.090 

801'  obi  lquc 

2550-2570 

0.040 

Vertical 

2550-2570 

0.040 

Vertical 

2527-2548 

0.040 

Vertical 

2519-2535 

0.090 

Vertical 

2521-2574 

0.040 

80°  oblique 

2483-2496 

0.040 

Vertical 

2513-2546 

0.040 

Vertical 

2559-2579 

0.090 

Vertical 

2499-25)7 

0.090 

Vertical 

2533-2577 

0.090 

80°  obi ique 

2425-2460 

0.040 

Vertical 

922-1026 

0.090 

Vertical 

2500 

0.063 

Vertical 

2500 

0.063 

75°  oblique 

2500 

0.063 

75°  oblique 

2500 

0.063 

75°  oblique 

2500 

0.063 

75°  oblique 

2500 

0.063 

75°  oblique 

2500 

0.06) 

75°  oblique 

2500 

0.061 

75°  oblique 

2500 

0.063 

75°  obi ique 

2500 

0.06) 

75°  oblique 

2500 

0.063 

75°  obi Ique 

2500 

0.063 

75°  obi Ique 

2500 

0.06) 

75°  obi ique 

2500 

0.063 

75°  obi Ique 

2500 

0.06) 

75°  oblique 

2500 

0.06) 

75°  obi  Ique 

2500 

0.063 

75°  obi Ique 

2500 

0.063 

75°  obi Ique 

2500 

0.06)  , 

75°  oblique 

2500 

0.063 

75°  obi Ique 

2500 

33 

Mi  i accel  on  new  hr a si  firing 
plt.-pln  held  OK. 

Charge  too  high. 

Charge  too  high. 

Round  hit  upper  part  of  test,  t»,g. 

OK. 

Good  hits-dld  not  function. 

Good  hits-  no  function. 

2-Mo  function. 

All  round*  functioned  In  CelotexCA 
Brass  pin  OK  on  etback. 

M47  detonator. 

I round  hit  low-d Iscirunt ed , 4 
rounds  failed  to  function  on 
target  . 

M47  detonator. 

Standard  fuze  functions  In  less 
Celotex® depth. 

Other  round  hit  top  odge-discoun  cd. 

1 hit  too  high  on  target. 

Possible  slight  delay. 

5 good  hlts-no  function. 

M67  detonator. 

No  picture  of  5th  round,  probable 
function. 

M47  detonator. 

All  good  hits,  2 no  function. 

Possible  slight  delay. 

2 Biased  target. 

Consistent  function. 

No  significant  delay. 

No  significant  delay. 

P5  probable  also  on  piste-may  have 
struck  target  holder. 

No  function  on  target  or  backup 
plate-doubtful  results-  should  have 
functioned  on  plate. 

Delay  OK  3",  4",  11”,  4". 

1 no  function 

3 excellent  delay,  6",  7".  10M. 

On  target,  no  significant  delay. 

Partial  petal  rearward,  1 round 
Biased  target. 

Partial  petal  rearward.  4"  x 4'  target. 
Partial  petal,  no  change. 

No  significant  difference. 

No  significant  difference. 

No  change. 

No  change. 

No  cltjnge. 

No  change. 

Function  on  target. 

Did  not  function. 

Function  on  target. 


2 no  function,  2 function  on  target, 
classic  delay  on  one. 

Function  on  target. 

All  function  on  target. 

All  function  on  target  - one 
classic  delay. 

No  function  on  target  - problem 
Is  not  booster. 
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TABLE  8.  MODIFIED  M505A3  FUZE  TEST  RECORD  SUMMARY  (Concl'd) 


Rounds 
f ired 

T«rget 

— 

1974 

Teat 

Fuze  condition 

Type 

Posit  inn 

Velocity 

( f t /see ) 

24  Jul 

40 

5 

GAl’-7/A  with  0.025  thick 
brass  pins. 

0.063 

75°  obi ique 

2500 

23  Jul 

41 

2 

Inert  M505AJ  standard,  no 

0.063 

75°  obi Ique 

7500 

f Ir ing  pin. 

then 

oft  recovery 

29  Jul 

42 

5 

Inert  modified  M505AJ  fuze 

0.063 

2500 

fully  assembled. 

then  soft  recovery 

29  Jul 

43 

3 

Modified  M505  grooved 
firing  pin. 

0.063 

75°  obi ique 

2500 

30  Jul 

44 

2 

Special  steel  firing  pin. 

0.063 

75°  oblique 

2500 

30  Jul 

45 

2 

0.025  brass  pin  shoulder. 

0.063 

45°  obi Ique 

2500 

30  Jul 

4b 

2 

0.017  brass  pin  shoulder. 

0.063 

45°  oblique 

2500 

30  Jul 

47 

2 

0.017  brass  pin  ahoulder. 

0.063 

70°  oblique 

2500 

JO  Jul 

48 

2 

Special  steel  firing  pin. 

0.063 

75°  obi Ique 

2500 

30  Jul 

49 

l 

Warped  brass  pin 

0.063 

75°  oblique 

2500 

31  Jul 

50 

2 

Steel  pin,  0.010  undercut. 

0.063 

75°  obi ique 

2500 

31  Jul 

51 

1 

Steel  pin  0,005  undercut. 

0.063 

75°  ob 1 ique 

2500 

31  Jul 

^2. 

l 

Steel  pin  - no  undercut. 

0.063 

75°  oblique 

2500 

31  Jul 

53 

5 

0.017  brass  modified 
H505A3  (standard). 

0.06J 

70°  oblique 

2500 

1 Aug 

34 

J 

Steel  pin  - no  f lat . 

0.063 

75°  oblique 

2500 

1 Aug 

55 

5 

Steel  pins  - 0.030  flat. 

0.063 

75°  obi ique 

2500 

1 Aug 

5b 

2 

0.017  brass  pin  shoulder. 

0.063 

65°  oblique 

2500 

1 Aug 

57 

3 

0.017  brass  pin  shoulder.' 

0.063 

60°  ob 1 1 que 

2500 

7 Aug 

58 

J 

Steel  pin  - 0.005  undercut, 
0.030  flat. 

0.060 

75°  oblique 

2509-2549 

2 Aug 

59 

1 

Steel  pin. 

0.061 

75°  oblique 

2551 

2 Aug 

60 

1 

Steel  pin. 

0.040 

Verticsl 

2544 

*» 

61 

5 

0.025  brats  pin  shoulder. 

0.063 

70°  oblique 

2500-2525 

6 Aug 

62 

2 

0.035  brass  pin  shoulder. 

0.063 

70°  obi Ique 

2491.  2531 

b Aug 

63 

2 

0.025  brass  pin  shoulder. 

0.063 

60°  oblique 

2511,  2529 

FINAL  TESTS 

9 Aug 

64 

5 

0.017  brass  pin  shoulder. 

0.040 

Vertical 

2522-7562 

9 Aug 

65 

5 

0.017  brass  pin  shoulder. 

0.063 

Vert  leal 

2511-2540 

12  Aug 

6f> 

5 

0.017  brass  pin  shoulder. 

0.090 

Vertical 

2496-7520 

12  Aug 

67 

7 

0.017  brass  pin  shoulder. 

0.040 

Vertical 

1282.  1356 

12  Aug 

68 

J 

0.017  brass  pin  shoulder . 

0.040 

Vertical 

1450,  1465 
1510 

12  Aug 

69 

5 

0.017  brass  pin  shoulder. 

0.063 

55°  oblique 

2496-2527 

12  Aug 

70 

OBJECT I 

VE:  Dot  oral  tie  minimum  reliable  grate  a 

ngle  on  0.090  ta 

get. 

1 

0.017  brass  pin  shoulder. 

0.090 

45°  .>hl  ique 

2502 

0.017  brass  pin  shoulder. 

0.090 

30°  oblique 

2507 

0.017  brass  pin  shoulder. 

0.090 

75°  obi Ique 

2545 

1 

0.017  brass  pin  shoulder. 

0.090 

32*j°  oblique 

No  velocity 

13  Aug 

71 

5 

0.017  brass  pin  shoulder. 

0.063 

60u  obi Ique 

2496-2513 

13  Aug 

72 

OBJECT! 

VKt  Check  minimum  reliable  v 

rlocity  on 

0.040  vert lcai . 

1 

0.017  brass  pin  shoulder. 

0.040 

Vertical 

1880 

0.017  brass  pin  shoulder. 

0.040 

Vertical 

■ 

l 

0.017  brass  pin  shoulder. 

0.040 

Vertical 

1745 

1 

0.017  brass  pin  shoulder. 

0.040 

Vertical 

1763 

1 

0.017  brass  pin  shoulder. 

U.040 

Vertical 

1670 

22  Aug 

73 

5 

0.017  brass  pin  shoulder. 

0.040 

75°  graze 

2515-2535 

. 7 Aug 

74 

2 

Round  steel  top  un  0.0)0 
brass  pin  shoulder. 

0.063 

75"  graze 

2510,  25 i5 

2 2 Aug 

75 

3 

Cone  steel  cap  on  0.0|7 

0.063 

75°  graze 

2510,  2520. 

braas  pin  shoulder. 

2535 

22  Aug 

76 

1 

Cone  steel  cap  on  0.017 
brass  pin  shoulder. 

0.090 

75°  graze 

2500 

22  Aug 

77 

1 

Con*  steel  cap  on  0.017 
brass  pin  shoulder. 

0.063 

Vertical 

2500 

Rosi.tr  lot 

3 gi*od  delay,  2 no  tie  1, tv . 

Borli  rounds  show  target  material 
hit  detonator. 

Sh.»ved  bras*  pirn*  hit  r I r Mt  driven 
hy  slug  of  aluminum. 

So  '.I gulf  leant  del«y. 

I li.ininit  perl,  I round  nUned  target. 
Definite  function  behind  target. 
Definite  behind  target,  1 banana  peel 
I banana  peel,  I no  delay. 

I banana  peel,  I no  function. 

Superquick . 

I banana  peel,  I no  significant  delay. 
Banana  peel. 

Failed  to  function  on  target. 

I round  missed  target,  4 no  signlf leant 
delay. 

1 fair  banana  peel  - 2 partial  - not 
signlf leant . 

2 prominent  banana  peel. 

2 partial  delav. 

I round  missed  target. 

I Nuperquick. 

I no  significant  delav. 

I banana  peel  - excellent. 

1 good  delay. 

1 no  significant  delay. 

1 miss,  2 o function. 

Cood  delay  and  petal. 

No  function. 

1 round  missed  target. 

U rounds  - no  significant  delay. 
Superquick. 

No  delay. 

8"  to  12"  delay. 

6"  Co  8"  delay. 

1/2"  to  2"  delay. 

No  function,  8 grams. 

No  function,  11-1/2  grass. 

Cood  delay. 

No  delay. 

No  significant  delay. 

Cood  delay. 

Cood  delay. 

4 delay,  I no  delay. 


3"  delay  - approx 
)"  delav. 

No  function. 

3“  delay  - approx 
No  function. 

Cood  delay  - 2"  to  3". 

Super quick 

Fxcel lent  delay  - banana  peel. 

Partial  delay  - target  blown  to 
side. 

8"  delay. 
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In  Tests  1 through  18  fuze  delays  were  indicated  by  booster  detonation.  All 
subsequent  tests  used  detonation  of  HEX  M56A3  projectiles  to  indicate  delay 
behind  the  target.  All  fuze  configurations  used  the  M57A1  detonator  except 
as  noted  in  the  Remarks  column  of  Table  8. 

3.2.4  Brass  Firing  Pin  — Maximum  Acceleration 

Fifteen  rounds  were  fired  in  Tests  1 and  4 to  subject  the  new  brass  firing 
pins  to  maximum  acceleration  in  the  gun  barrel.  Ten  rounds  were  fired  in 
Test  1 using  M57A1  detonators  and  five  rounds  were  fired  in  Test  4 using  the 
more  sensitive  M47  detonator.  All  rounds  <?ere  assembled  with  aluminum  fuze 
bodies  and  empty  M56A3  warhead  bodies  to  provide  a minimum  in-flight  or  maxi- 
mum acceleration  in  the  gun  barrel.  A cartridge  charge  of  40  grams  of  WC870 
propellant  produced  muzzle  velocities  that  varied  between  3601  and  3653  ft/sec. 

Microflash  photographs  of  each  projectile  in  both  tests  were  taken  as  the 
projectile  passed  over  a photocell  trigger  at  a range  of  35  feet  from  the  gun 
barrel.  The  resulting  Polaroid® pictures  proved  that  the  projectiles  were 
intact  and  that  the  brass  firing  pin  shoulder  had  not  failed  under  setback 
loads.  To  prove  that  each  round  was  capable  of  functioning,  a Celotex® 
target  was  positioned  93  feet  downrange.  Depth  of  penetration  into  the 
Celotex  before  initiation  of  the  booster  was  noted  to  vary  between  2 and 
3-1/2  inches.  All  rounds  functioned. 

Test  6 was  conducted  to  provide  a comparison  in  Celotex® penetration  cf  the 
standard  M505A3  fuze  with  the  modified  fuze  of  Test  4.  Depth  of  penetration 
of  the  standard  fuze  was  noted  to  vary  between  1/2  and  1-1/2  inches  before 
initiation  of  the  booster.  The  modified  fuze  had  an  improved  delay  equivalent 
to  an  additional  1-1/2  to  2 inches  in  Celotex®. 

3.2.5  Function  on  0.040- Inch-Thick  Target  at  0-degree  Obliquity 

Tests  3,  8,  9,  10,  13,  14,  and  18  were  conducted  to  measure  function^, 
characteristics  of  the  new  fuze  design  against  a thin  vertical  target  at  both 
1000  and  2500  ft/sec  velocity  levels.  Inert  rounds  were  used  for  these  and 
all  tests  through  Test  18.  Results  of  these  initial  tests  are  summarized  by 
the  following  statements: 

a.  At  1000  ft/sec,  the  modified  fuze  design,  as  shown  in  Figure  ?,  failed 
to  sense  a 0.040-inch-thick  target. 

b.  At  2500  ft/sec  the  design  functioned  consistently  with  an  aluminum 
firing  pin  on  0.040-inch-thick  targets.  It  provided  a functioning 
delay  between  6 and  13  inches. 

c.  The  brass  firing  pin  did  not  function  on  0.040-inch-thick  vertical 
targets  even  at  a velocity  of  2500  ft/sec.  (Later  tests  with  brass 
firing  pins  under  these  conditions,  e.g.,  Test  64,  displayed  very 
good  delay.) 
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d.  The  standard  M505A3  fuze  functioned  consistently  on  0. 040-inch- thick 
targets  at  a velocity  of  2500  ft/sec.  The  delay  in  function,  as 

measured  with  the  same  test  setup  previously  described  was  practically 
negligible.  r y 

3.2.6  Function  on  Q. 040-inch-Thick  Target  at  80-degree  Obliquity 

Tests  2,  3,  5 and  12  showed  that  the  modified  fuze  design  at  80- degree 
obliquity  angle  requires  a velocity  of  2500  ft/sec  using  the  brass  firing  pin 
to  function  between  3-1/2  and  4 inches  behind  a 0.040-inch  aluminum  target. 
as  at  0 degree  obliquity  and  at  a velocity  of  1000  ft/sec,  the  fuze  did  not 
adequately  sense  the  target. 

3*2-7  Function  on  0. 090-inch -Thick  Target  at  0-degree  Obliquity 

Tests  11,  15  and  16  were  conducted  against  vertical  0. 090-ineh- thick  targets 
Five  test  rounds  using  the  brass  firing  pin  showed  an  apparent  delay  at  a 
velocity  of  2500  ft/sec.  Two  of  the  five  rounds  failed  to  function,  however. 

Tests  15  and  16  showed  that  neither  the  standard  M505A3  fuze  nor  the  modified 
design  with  an  aluminum  firing  pin  resulted  in  a significant  delay.  Thus, 
the  added  stroke  of  the  firing  pin  in  the  new  design  is  not  sufficient  by 
itsejf  to  produce  a warhead  initiation  delay  after  passing  through  a 0.090- 
inch-thick  target. 

3*2-8  Function  on  0. 090-inch-Thick  Target  at  80- degree  Obliquity 

Tests  7 and  17  showed  that  the  modified  M505A3  fuze  design  is  capable  of  both 
penetration  and  function  on  80-degree  obliquity,  0.090-inch-thick  targets. 

The  tests  clearly  indicated  that  the  brass  and  aluminum  firing  pins  have 
sufficient  energy  to  cause  booster  function.  The  amount  of  delay  was  obscured 
because  booster  function  was  the  only  criterion  during  these  tests. 

3*2*9  Fuze  Delay  and  Steel  and  Aluminum  Fuze  Bodies 

During  the  first  18  tests,  data  was  accumulated  for  a comparison  of  variables 
other  than  target  thickness,  impact  velocity  and  obliquity  angles  and  their 
effect  on  fuze  delay.  The  data  from  the  initial  tests  was  sorted  and  re- 
assembled in  Table  9.  The  effect  of  fuze  body  material  on  fuze  delay  was 
noted  in  tests  on  0.040-inch- thick  aluminum  at  2500  ft/sec,  0-degree  obliquity 
and  1000  ft/sec,  80-degree  obliquity.  In  this  small  segment  of  the  tests  the 
fuze  body  material  did  not  appear  to  have  any  effect  on  the  fuze  delay.  All 
tests  subsequent  to  Test  18  were  conducted  with  fuze  bodies  using  the  same 
steel  material  of  the  standard  M505A3  fuze. 

3.2.10  Fuze  Delay  and  Brass  and  Aluminum  Firing  Pins 

The  data  in  Table  9 also  provided  an  examination  of  the  influence  of  brass 
and  aluminum  firing  pins  on  fuze  delay.  Because  the  modified  fuzes  had  the 
same  dimensions,  the  heavier  brass  pin  provided  more  delay,  as  expected.  This 
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was  clearly  demonstrated  against  0.090-lnch. thick  target.  In  Tests  7 and  11 

rg  lrx:::iTdi an  ar,rent  deiay  — ^ £ 11 

target  whereas  the  aluminum  pit,  In  Tests  16  and  17  had  no  delay  at  all  with 
detonation  on  the  front  surface.  This  Indicated  that  the  brass  pin  traveled 
inch  target.  alu",lnum  P1"'  Ihls  trend  was  noted  against  the  0.040- 

TABLE  9.  SUMMARY  OF  FUZE  RESPONSE  DURING  INITIAL  TESTS 
OF  MODIFIED  M505A3  FUZE 


Test 

Aluminum 

Aluminum  Body 

Steel  Body 

No. 

Target 

Velocity 
(f t/sec) 

Obliquity 

(degrees) 

Detonator 

Alum. 

Pin 

Brass 

Pin 

Alum. 

Pin 

Brass 

Pin 

in 
16  ( 

0.090 

2500 

0 

M57 

5 quick 

3 delay* 
2 dud 

n 

17  1 

0.090 

2500 

80 

M57 

4 quick 

4 delay* 
1 quick 

oo 

H pH 

0.040 

2500 

0 

M57 

5 delay 

5 duds 

.2} 

0.040 

2500 

0 

M47 

4 delay 

5 dud 

12 

0.040 

2500 

80 

M57 

3 delay 

is) 

0.040 

1000 

0 

M57 

5 dud 

1 delay 

2 dud 

3} 

0.040 

1000 

80 

M57 

2 dud 

2 dud 

5 

0.040 

1000 

80 

M47 

4 dud 

"Detonation  immediately  behind  target  indicated  by  initiation 

— L. 

1 of  booster. 

3*2.11  Fuze  Delay  and  Detonators 

Most  of  the  initial  tests  were  conducted  with  the  M57A1  detonators  A 
«ts  were  also  made  with  the  M47  detonator  which  has  an  a““  re  ievel  ™ 
12  ln-oa  compared  to  the  M57A1  all  fire  of  112  m-oz.  Because  the  M47 

to  travel  T^r8^  VnlUatl0n  ’ the  flr1”8  ptn  should  be 

conducted  wS  o’o40  i fuZb  nore  dela7-  Comparison  tests  were 

flrin.  at  a , <*?  t L^SUm‘  , <See  Table  »•>  “ill!  an  aluminum 

firing  pin  at  a velocity  of  2500  ft/sec  and  an  obliquity  of  0 degrees  both 

detonators  initiated  and  the  fuze  provided  sufficient  delay.  At%a  very  low 
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a^000^  lV0O)  “lth ; braSB  £ir1"8 

5«=S fSSSSL 

2500^^;sCLedon°tUhJeVin8  8Uf“cient 

of  rrty-  ^ -X“r^*rir 

rr  *TJt°>  °f  M47  2^  ^rih^r Fur- 

««SSr|eoi,*t^e paant^SSSIl^^^e.  t“S^v“TiS^a«“iad 


3.2. 12 


investigation  on  0.063- and  0. 090-lnch-Thick  Target 


MSns^V  SCrieS  °f  teStS  WGre  conducted  to  evaluate  delay  of  the  modified 

vert“afUtapactaaaf25o5hft/er  tha"  °-04?  lnch-  ™e  series  was  started  with 
(T^sts  19  and  201  S ft/“C  agalnst  °-°9»-ond  0.063-lnch  thicknesses 

rounds.  Four  rounds  were  lEsT^St^'  ^'0?°^““'  dUh  7 
inch-thick  did  not  function  The  „ 7/  ??  °f  he  rounds  against  0.063- 

no  significant  fuze  delav  The  f ,®xt  test  at  75" degree  obliquity  resulted  in 

configuration  chafes to  the m "f  °f  teStS  “ere  with 

The  shoulder  thiSs^'L™^"^  “ ‘ “*^£  £ ^7  a faaa  da^ 
creased*5'  LVol  ™.  g«»een  "he  nose 

envelope  ap^d  t^r^  d^o7l“r  * ^ ““«*  f“~ 
firinfnlnHt  yTT tigati”n  was  be®un  by  testing  the  modified  fuze  without 

75- degree  obliaui  v An  nf  L 8 P alS°  tested  with  live  rounds  *t 

a gree  obliquity.  All  of  these  rounds  functioned  on  impact. 

wlTonly  boosters0(TestC39)bres £lt  H TS"1-'  bUt  a taat  °f  rounds 

with  a tUdB.e  ™d^?'f  In  TdSt  40  a »rass  tiring  pin 

two  of  the  five  rounds  M fUZe'  N°  dela>'  uas  observed  in 


^ ^ • 13  Target  Mass  in  the  Fuze  Cavity 


E£=I£iHSS^ 

s. - uaC-SSSSsSS:. 
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Mod.  505A3 
with  dummy  det. 
& brass  firing  pin 
.017  shoulder 


* 


Std.  M 505 A3 
with  dummy  det. 
& no  firing  pin. 


Figure  20.  RECOVERED  HARDWARE  - TARGET  MASS  INFLOW 
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a. 


b. 


driven  by  a’greate! ^ o^gC  y“p«dic eY^nT'  flW  aUho“«h 
inflow  was  not  accounted  for  -in  tvL  n,  y p di^ted*  In  fact,  target  mass 

that  would  be  e=We«d  by  a heavier  tirllt'  H ?"dIctI<>"8  °f  *»«  delay 
21  shown  a sequential  concept  of  the  target  mass  inflow?'”  atr°k<!'  Flg"ta 

2&  ««•  for  apparent  non- 
open to  correct  the  fuse  design!  Three  P«a=i»illtles  were 

S“!r!"ger®l!he  flr1"8  Pln  Urget  ““  combination  during 

r:,r£»-r » “/r&vsr  • •—■■■■ 

c.  Stop  or  reduce  the  flow  of  target  mass  into  the  firing  pin  sleeve, 
tage  o^reducin^sensitivlty^f  F*  **“  di8atW- 

maticallyrreducetenergy^on1verticaietartet^~<*h*ree 

mass  inflow  was  not  a major  factor.  86  8 * ***  U WSS  believed  that  target 

Figure  22/dubbed  ^r^Uches  Hat^fJring  pi^-^for^b^81811  8hOWn  *“ 
upper  Dortion  of  tM«  a tiring  pm  — for  obvious  reasons.  The 

after  separation  of  the  firing  pinashankendSeveraiettrtCt  target  mass  lnflow 
the  design  resulting  in  an  overall  m t68ta  W6re  conducted  with 

percent  on  0.063- inch  targets  at  75-!Lyr..d  S?°re  °f  apProximately  50 
with  the  previous  score  of  almost  inn  8 6 obliquity*  Comparing  these  results 

of  development  effort  for  a design  that6^6^  auperquick  action,  continuation 

Pin  seemed  worthwhile  nme  remaLw  in  thf  *1°™  ^ Wltches  hat"  flrln8 
sufficient  to  allow  further  .^n!!  ?8  ? contract,  however,  was  in- 
target limitations  should  be  determined  durinFfiFl1^  **  ***  decided  that 
0.017-inch-thick  brass  firing  PIn^an«  Furt^eff  8tU8ln5  the  °riglnal 
pin  protector  design  would  be  acconroimhprf  effort  toward  a firing 

On  this  basis  some  work  wL  Lc^LLS  th  ^ °Y  n°rlnterferrin8  baaia* 
in  paragraph  3.2.15,  P * tbe  results  °f  which  are  discussed 

3,2,14  Target  Limitations  and  Final  Tests 

Chang  es^to'achleve  o'?  SSTSTSm^S  ttaataJ~  '“«*«  design 

Thun,  final  teat,  and  deliverable  hardware  conalated^f  f braeaefIrt„g“inUl'y' 
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?«J.%?‘?i7"ln?«hlCk  shoulder  as  originally  designed  and  shown  in  Figure  23 
Fes  s 64  through  73  were  final  tests  conducted  to  determine  the  impact  velocity 

0 06?^0aS?Inch  I0’?40*1”011  tar8et  3nd  ^ °bliquity  limitations  against 
,,  0.090- inch  aluminum  targets.  These  tests  utilized  hardware  originally 

aualttv  n rr  lr°n“f  talu tests  and  also  represented  rounds  to  be  fired  as 

analogy  sSndlri^oS?  I"***'  the  fl’Ze  desl*n  WaS  the  same  bV 

tific  value  Furt-h  r . M505A3  f“fe»  environmental  extremes  were  of  no  scien- 

,Further.; because  all  hardware  was  of  the  same  fabrication  group 
lamination  of  repetitive  tests  provided  the  opportunity  to  obtain  maximum 
information  on  the  design  with  minimum  expenditure  of  rounds. 

During  the  final  tests  conducted  in  the  latter  part  of  August  1974.  the 

ollowing  conclusions  relative  to  recommended  target  condition  restrictions 
were  reached: 

a.  At  muzzle  velocity  2500  ft/sec  and  target:  0.063- inch  thickness 

obliquity  angle  should  not  exceed  55  degrees  to  achieve  a minimum 
delay  function. 

b’  Alntau8et  thlckness  of  0* 040-inch  and  vertical  impact  delay  function 
will  be  achieved  provided  muzzle  velocity  does  not  go  below  1800  ft/ 
sec. 

c.  At  muzzle  velocity  2500  ft/sec  and  target  thickness  of  0.090- inch 

an  obliquity  angle  of  0 to  20  degrees  is  recommended  to  achieve  fuze 
delay. 

d.  The  following  functioning  delay  distances  on  vertical  targets  were 
measured  using  a muzzle  velocity  of  2500  ft/sec. 


Target  Thickness 
(inch) 

Approx  Delay  Distance 
(inch) 

0.040 

8 to  12 

0.063 

6 to  8 

0.090 

2 

In  the  above,  muzzle  velocities  quoted  are  based  on  measurement  during  the 

iJ8!  33  Feet  °[  travel  after  muzzle  exit  with  target  impact  occurring 
151  feet  from  the  muzzle.  6 

3,2’^  Results  of  Special  Test  to  Restrict  Target  Mass  Inflow 

In  addition  to  the  final  tests  discussed  in  the  previous  section,  a secondary 
effort  continued  to  design  a steel  cap  which  would  allow  the  brass  pin  to 
perform  its  delay  function  in  spite  of  the  intrusion  of  target  mass  into  the 
fuze  cavity  during  low  graze  targets. 

This  effort  resulted  in  design  and  fabrication  of  eight  steel,  truncated 
cone-shaped  protector  caps  for  trial  tests  on  21  August  1974.  The  protector 


cap  shown  installed  in  Figure  24  is  a steel  device  that  was  designed  to  fit 
snugly  over  the  forward  end  of  the  firing  pin  sleeve.  The  nub  on  the  firing 
pin  was  reduced  in  diameter  to  accommodate  the  protector  cap,  and  protruded 
slightly  beyond  the  forward  surface  of  the  cap.  The  cap  is  shown  in  a photo- 
graph of  a cutaway  model  in  Figure  25. 

The  purpose  of  the  cap  is  to  hold  the  firing  pin  in  position  on  low  graze 
targets  and  to  restrict  target  mass  inflow  into  the  firing  pin  sleeve  by 
virtue  of  the  reduced  diameter  central  hole. 

Five  steel  protector  caps  were  assembled  in  modified  M505A3  fuzes.  Three 
were  fired  in  Test  75  with  a muzzle  velocity  of  2500  ft/sec  against  0.063- 
inch-thick  targets  set  for  75-degree  obliquity.  All  three  produced  excellent 
delay  noted  by  the  "banana  peel"  effect  on  the  target  and  is  shown  as  Shot  8 
in  Figure  19.  One  protector  cap  design  was  fired  in  Test  76  against  a 0.090- 
inch-thick  target  at  75- degree  obliquity.  This  round  resulted  in  a "partial 
delay"  — obviously  better  than  without  the  cap.  (Compare  with  Tests  7,  17 
and  70.)  The  final  round  was  fired  on  a 0.063-inch-thick  vertical  target  re- 
sulting in  a function  delay  of  approximately  8 inches.  Both  the  75-degree 
and  vertical  0.063- inch  target  functions  are  shown  in  the  enlarged  film  strip 
in  Figure  26.  K 

In  view  of  the  previous  failures  to  achieve  satisfactory  target  results  on 
0.063- inch  targets,  75-degree  obliquity,  the  use  of  the  protector  cap  in  the 
modified  fuze  was  a distinct  improvement.  Proper  delay  achieved  on  a 
vertical  0.063- inch  target  was  also  an  encouraging  result  because  it  indi- 
cated that  the  change  in  sensitivity  to  achieve  delay  at  high  obliquity 
angles  apparently  did  not  penalize  fuze  delay  at  vertical  impacts. 

Generally,  the  tests  with  a steel  protector  cap  indicated  that  the  modified 
M505A3  fuze  can  produce  satisfactory  function  delay  on  both  high  oblique  and 
vertical  targets  of  0.063-inch  thickness.  Function  against  thin  (0.040-inch) 
targets  is  also  expected  to  be  good  because  the  delay  with  and  without  the 
protector  cap  against  0.063-inch  target  is  comparable  (Tests  77  and  65). 

Fuze  delay  against  0.040- and  0.063- inch  targets  is  also  comparable  (Tests  64 
and  65) . 
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Figure  2S,  CUT  AWAY  MODEL  WITH  STEEL  PROTECTOR  CAP 


SECTION  IV 


CONCLUSIONS  AND  RECOMMENDATIONS 


4.1  CONCLUSIONS 

The  following  conclusions  were  reached  as  a result  of  the  tests  conducted 
under  the  contract. 

1.  M505A3  fuze  can  be  modified  to  provide  penetration  and  detonation 
behind  target. 

a.  Penetration  can  be  achieved  on  0. 063-inch  targets  from  0 to  55 
degree  obliquity  at  2500  ft/sec. 

b.  Sensitivity  can  be  achieved  on  0.040-inch  targets  at  0-degree 
obliquity  at  velocity  above  1800  ft/sec. 

c.  Penetration  can  be  achieved  on  0. 090-inch  targets  from  0 to 
20-degree  obliquity. 

2.  Penetration  performance  predictions  agree  reasonably  well  with  test 
data. 

a.  Fuze  with  a brass  firing  pin  impacting  vertically  against  an 
0.040-inch  aluminum  target  demonstrated  a delay  of  3-1/2  to  4 
inches  compared  to  a prediction  of  6.7  inches. 

b.  Fuze  with  a brass  firing  pin  Impacting  at  80-degree  obliquity 
against  an  0.040- inch  aluminum  target  demonstrated  a delay  of 
3 to  4 inches  compared  with  prediction  of  3.6  inches. 

c.  Fuze  with  an  aluminum  firing  pin  impacting  vertically  against  an 
0.040-inch  aluminum  target  demonstrated  a delay  of  6 to  13  inches 
compared  to  a prediction  of  5.4  inches. 

3.  At  high  angles  of  obliquity,  target  material  travels  down  sleeve  with 
firing  pin  and  effects  delay  and  subsequent  penetration.  Improvements 
in  penetration  performance  can  be  achieved  by  eliminating  or  reducing 
the  effects  of  this  phenomena. 

4.  Detonator  safety  of  the  modified  M505A3  fuze  with  zirconium  booster  is 
comparable  to  the  standard  M505A3  fuze. 


■ ..  .v'i 
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4 . 2 RECOMMENDATIONS 


It  is  recommended  that  further  work  on  a modified  M505A3  fuze  with  delay  func- 
tion should  proceed  because  the  feasibility  of  penetrating  aluminum  targets 
was  established.  Such  a program  would  be  low  risk  because  many  standard 
M505A3  fuze  parts  are  used  in  the  modified  version  of  the  fuze. 

It  is  further  suggested  that  an  investigation  of  techniques  to  prevent  target 
mass  inflow  into  the  fuze  should  be  conducted.  Target  failure  mechanisms 
and  damage  assessment  as  related  to  fuze  penetration  should  also  be  evaluated. 
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APPENDIX  A 

DRAWINGS  SHOWING 

DETAILS  OF  THE  NEW  PARTS  OF  THE  MODIFIED 
M505A3  FUZE 
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Body  and  Bushing  Assembly 


Firing  Pin  Cap 


APPENDIX  B 


DERIVATION  OF  EQUATION  FOR  PENETRATION  DISTANCE 
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The  basic  velocity  equations  state: 

„ dS  . dAS 

Vi  = — — and  AV  = where 

dt  dt 


dt  is  a constant  for  both  the  shell  travel  and  pin  travel.  The  resulting 
equation  is: 


where 

S ” Shell  travel  and 
AS  * Pin  travel 


INITIAL  DISTRIBUTION 
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Rand  Corp/Lib-D 
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AFATL/DLDL 

AFATL/DLDA 

AFATL/DLDT 

ADTC/WE 

AFATL/DLDG 

SMUPA-MDC-A 

Avco  Systems  Div 

AFIS/INTA 

ASD/ENYEFW 
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